We present characteristics of a free access transmission line consisting of a paper substrate and foam for easy installation in body area network applications. The free access transmission line assists the communication between wireless devices. This paper shows the coupling characteristics between two dipole antennas with and without the transmission line. The coupling level on body propagation increase 30 dB by the assistance of transmission line.
Introduction
In Body Area Network (BAN), people wear a wide variety of sensors or wearable computers and collect information for the use of healthcare, entertainment and personal authentication. Wireless communication is desired because of simplicity wearing and easy moving [1] . Free access mat [2] and free access transmission line [3] have been proposed to make another communication network between wireless devices. A flexible transmission line structure using the conductive ink for conductor [4] , the paper substrate and the foam instead of dielectric substrate are proposed for WBAN application to improve the communication between wireless devices. This letter presents the design of both side coupled geometry of half-wavelength bandpass filter using paper substrate and foam, as a unit of the free access transmission line and the coupling characteristics between two dipole antennas above the transmission line with or without body is also demonstrated.
Free access transmission line using paper substrate and foam
In our previous work [5] , we used ten sheets of paper instead of the dielectric substrate. For the simplicity in fabrication process, we use the foam instead of paper sheets as shown in Fig.1(a) . The upper layer is paper with relative dielectric constant of ε 2 = 3.0, loss tangent of 0.1 and thickness s = 0.18 mm. It is supported by the foam of thickness h = 2.0 mm, its relative dielectric constant is 1.02 [6] and loss tangent is 10 −4 [7] . It is almost equivalent to air. The copper tape is backed on the bottom as the ground plane. We design both side coupled filter as 1-unit transmission line. This bandpass filter is a modification of the one side coupled filter as shown in Fig.1(b) , where l 1 is quarter wave-length at design frequency 2.45 GHz. The width w 1 is decided for characteristic impedance Z = 50Ω using the formulation in [8] . S-parameters of 1-unit are shown in Fig.1(d) together with that by dielectric substrate R4737 as a reference. This unit is connected in series to make a transmission line as shown Fig.1(e) . Coupling characteristics through the transmission line to a half-wavelength dipole antenna are measured by the setup as shown in Fig.2(a) , where port 1 at the edge of transmission line and port 3 of dipole antenna are connected to vector network analyzer and another edge port 2 is open ended. To adjust the center frequency to of transmission line, we change l 1 = 29 mm from 28 mm as shown in Fig.2(b) . Fig.3(a) shows coupling characteristics between two dipole antennas. Free space propagation loss by Friis transmission equation [9] is also shown. As shown in Fig.3(a) , two dipole antennas above the transmission line, coupling increased greatly compared with no transmission line case. The average increase of coupling is 23.4 dB and is 7 to 10 dB higher than free space propagation loss. This improvement is given by the prorogation through the transmission line. We also measured coupling using the folded transmission line shown in Fig.3 
Conclusion
We measured the coupling characteristics in two cases to show its basic performance. Coupling characteristics between two dipole antennas above the straight and folded transmission line for body area network are demonstrated. Coupling characteristics were greatly improved by the assist of the proposed transmission line, which is well suitable for body area communication.
